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ABSTRACT : 

PURPOSE: To improve the reliability of a semiconductor 
device against 

reverse- viased stress voltage between emitter and base, by 
making the 

concentration of the connection between a base layer and a 
high-concentration 

external base layer lower than the junction concentration 
of the base layer, 

and placing the maximum concentration point of the 
connection in a position 

deeper than the junction depth of the emitter layer. 

CONSTITUTION: A cylindrical base 3 and a graft base 10 
are connected with 
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each other via a link base 2 as a linking layer. The link 
base 2 is of 

two-layered structure; its maximum concentration is 
5.0×10<SP>17</SP>/cm<SP>3</SP> and its junction depth 
is 0.34μm. The 

link base 2 is placed in a position deeper than the 
junction depth of an 

emitter layer 4 and shallower than the junction depth of 
the cylindrical base 

3. The impurity concentration of the link base is lower 
than the junction 

concentration of the cylindrical base 3, and the maximum 
concentration point of 

the link base 2 is positioned deeper than the junction 
depth of the emitter 

layer 4. This enables the reduction of electric fields 
produced between 
emitter and base. 
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*<9WffiBVebo(Iebo=10nA)ti6.17VT*> /CTt>. 2.8Vj{fl8#TS>Ds *Ofctf>8. 5GB/se 

^LfcH-<0Sia/X h l^«E( V s ) = 3 . 2 V^fr 0 E BX h UXMEii 3 . 2 VJilttfUfg^fu 1 0 G 

t\ i$iat s = 2 . 5 x i om<ox h vxmi^n^ B/^xhmm^m.<m^m^thzb #r 
1 9t^L3t. a 1 3z«immLti—m®t [0073302 2it*$mM<7>m<?>7mmco®imf8. 

&D*hl'X£jWt&tmT'7£fc'^vm*>*vf. fcfSWfcjjrTBT'&S. 022<9 (a) fcjjttWCIi 
l^fc8V^i£oT^S£fca*J^$ixTV^. & 10 54 hT>T4 2i:'J-KT>7'4 3tfcSJK^-y K4 

Xfttt&<« Ifcfc-y H**!J7^tc{iM£>cD£|gfc£ &gi3r9. *<07ty>fc:ll-FTy:r4 3(D%)&hyy 
£$rv>«I t &%b*iT»*. E/BBE[6Lt<fffCli5r< . ffiH^ttt 

[0068] KOI^hWtEVst hy> : JX? &8t*ch. 

*#fc£7)R«t:ra-rS. l^ffi££fctf>>tt><y)T'J>D. [0074] CflfcJtLT. 022?) (b) fc^-fllT 
jSgfcS^S^fl^iT*«a^T*6. ZZX\ h fSUffl^K^-y H4 4 fcS±JflOMR^«y K4 5 

?V$?>t?*fttt, E/BfS/N*4TXBffi(Vbe)=0. tfft&SftTl^S. Z(Otitb (b) (WtVltV-V7> 

7 4 V&frT. h fetf 2 0 %£fl7f S £ TWB5H t %m 74 3 <m&M&F§:X'h 0 . 7 4 V 7V74 2 <T)7m 

vx\^h. *mm<r>v*7vvx9x\$.. usssgyw^ i&kwms&ixi>#. z.<w^m&GL\$&s&Q 

47xmK(XhUXm&) Vs = 5.OV^frT02 20 J>9. 74 h7>74 2<7)h?>i;x?C0. E/BBJEE 

OWCmz^LtzXoiz. 5.4X 1 0 6 # ( = 1 5 0 0 <?>fa±.CD/ttf£mt*£h. 

B«S) <m^i%1tiP^ m-g&Vm&nhyyzSX? [007 5] 02 3»i. ff£MR'wK4 5ffl<054 h 

[0069] tJt^USMh^y^^ti^aS/^ S«E<9BI#£8fc£ft<)fc5?t0T*>£. 0<K (a) 

4TX«E(XhVX«E) Vs = 3. 2V&ftT02 *?mT46, 47. 60, 6 Uihyy^Xf. 5 

OtfOB/StfC^LJtJdfc. (tL 0. 51. 5 2. 5 3««-h5>> ? X^^--X.j&?^ 

*)«9xl0 1 "#( = 2.5X107^ra)T&&*»\ ^L. #^-X3g^tCJilBt: x 54. 55. 56, 57 

wmhyy^x^x-it. m-3&x-ixio*®(= &s^«ffi#a«nisfi§. h?^**^. 4 7« 

2. 8950) CDfi^ttLa^&T'^&a^Tt. X hUX fcte&R-^-y F44<7)Pi3gWjgi&$*U 

«K4K#e^-r02OcOA^ 30 ISVa, Vb^EPJlI^iiS. 

X;y-tf>*l&TJ>S. C:<O < fcptC*7lWfc<J:0fl®ttttfc [007 6] 0*, (b)fcVl, V2, Va, Vb<0 

fc«fc*7*rft±LTV^ «BE«5BB«kfe*Lrv^*. «itf, YyyVX?4 

[0 0 70] =5rfc, 02O*fcl ITSUrWMU t&fc 6fc*g-fi,i:. 58££xhVX#Q]fl!i$fi£. MR 

^KSmLfc^gfcS^S^CT . V s £• i£V s >Vy KTfcSK^-y F fc E/B»£E<0|iiLb&<# 

(2.7V) *^SV s ( 5 . 0 V ) £X'$ti£2tt mttchimX'hh . *<0Rtofif»fc«f 4 E/BSSE5 

B^F^y^?^ (tL*) £ft*>LTV>S. 11 8fcJ:^5 9« s Sffl^ixSIIIIS^ttti^T^fl^-l. 
©HTiit L*<92fc£g0£ J:<^LTV>S. lE^Tf !|B*3LS*^J:-?- 1 6MB/s e cgg<7)^fc»i 

LtiMV s ffi$tC\$&$BtW£ ( B Vebo ) fc«gO§ 5.0V*J-e^ggi:/jrS. r<0BM*i. mi£Uz*m 

Si/SiO:OK^»mT^fSrt^. 40 ^fg{c«i(^Wtt*q^-Cfcl.^«tO, 5tK^ 

[0071] 02 u±*mfommmm?b>). a^r -i-xmi otxs^i4 

a*/Sii^) @S&<^j££^0!80-t-&S . 02 1 *s. 

fcfcWC, F^tiAA^'-y 7 r EJffi, GWmmjJT [0077] fc >I^-C. Sfflt LTIi®?&£ 

yriHlgS-C. 30. 31li74K#33^) • hyyfx tt&ix^h?'<.x<?)hyyi;x?iz%mm?i>& 

^T*>0. 3 2. 3 3tt*J-H(IB&») ■ h^y&X* tf % Hffl±fcfe^T{i. E/BHffi$:^t-r& Yyy 

[0072] it:. 2 9imm^yV. 27\iUKt\^ ttSfigartfc^-TSftM&t.oTV^. *LX< 

2sm -vryrmwc-hh. m&iz&^x -xmim®t%z&mtLxi>mmzti&. lkv 
v-y(ws&) ■ vyyitx? 32, 33<rmmt 50 ->x. tammsmtf. m&^t^ittxiidm 
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[0 0 78] E/B»E#iS<&SKo*u\ m 
K^fcOF^yvX^E/BiSWfffc Lfci§£fc:li. 

[0 0 7 9] mtf, 02 2<9 (a) £*tf$NR*.7F 10 

4 3 fc&->T3ffl-f S^tfJ: ( b ) lz*?f(OM R^. 
•y KMHW*y-K/?M FBSrCtt. F4 
4#ffl<^;h.S7>r hr>-riilS4 2tcffi-5-CSffl-tS 

[0080] (ISSSmJ^^SSSH^F^y^X^i. 
HteWlcoh7y>?x^<oSJ5»i^t*fc:LT. yy 
?^-X2£B+>f:*y£V-;*il/CfflV\ 2 0Ke 
V, 0.4xl0 1! /cm ! i:80KeV, 1.6X10 

iVcm2H-r»<o2afm^<o^frtL^ 20 

'J^K-^80KeV, 1.3X10 13 /cm'H- 
[0081] diltCiO. Nb(max) = 5.0Xl0 1 V 

U CKOBK x$ y ? • T--/Wi. b-^-C9 5 0 
5#fc Lfc. «S h^y^'X^^SttSrffttL 
fcfcCl*, j3?y^T^«E UFW**E) Vs = 5. 

0 VJfefrT\ 02 0 tD/TC^UtJ: 3 fcx 1 x l o 9 
#( = 2.8xl 0*150) Lft»U 
Xfifittt230ftfc. luaili£WlCit^TfcJ:-e2fg 30 

[0082] (mmm3)*msm<ohyy : Jx^^ 

ZB+4*>ZV-Xb LXmW 20KeV. 1.0X 
10 1! /cm ! t60KeV > 4.0X1 0 12 /cm 2 F 

-t9l<t> 2ffm»*ftt, y y H y tf;^-.* £■ 4 

OKeV, 4.3X1 0 13 /c m 2 F-T*<9-&fr-CJgj£ 

[0083] dftfc.k'h Nb(max) = 2.0xl0i 8 / 40 

•y ? • T--/Ki, I — 9)VX9 5 0X:T5 5#i: L 

47A«E (XhVXmBE) Vs = 3.5V£ttfciJV> 
T5.4xl0 6 #( = 150 0l$fg)<7>*ifr£*#fc. d 
ii£02 OfcrE^i-C^LJt. ^— ^.fiaStli 1 2 OQXf> 

[0084] (HismJ+iaiWoh^y^^tt. 

£B*4*>*V-Xt lXmi\ 20KeV % 1.0X 50 
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10 12 /cm 2 i8 0KeV % 4.0x1 O l! /cm ! F 

-rft^ 2 »ra*£fr-c. v y y f y AlUK-Xt: 8 

OKeV, 2.0Xl0i3/cm 2 F-Ta(7)*frT^ 
[0085] dtlfciO. Nb(iax)=6.0xlO'V 

Li^gL xs-y* • r--;Wi. F-^T9 5 0x: 
T9 0#fc Lfc. &l> F^y^^coiiatt^SfiiLfc 
fcCl*. WUTxmE(xhlsXWK) Vs = 10. 
2V^ftt:fc^T. te<t-ei.5X10^(=4 170 

<D*8r£#fc. £ix£@2 0fc:Hjii'C*L*:. 
[0086] 024«||Sfc0«l t«»0ll4<7)F7y> f X 

^cokeb v<jxm&zmtmt nimx^Lx^z . 

01 7fc^L£*#tttcliAT, Trty>t/x.m.bYy 
*)\>®&<r)*it+j:r>X^h. ^it«<-Xfi!S ( rb 

f ) *mt tx. vytK-xnmmmzm^x^h 
m-xhh. 

[0087] (mm5)*mfom<r)hyyi;x?i^ 
mmiov-yyisxttm-^kfttL. yy^-x 

iB+JXyZV-XtLXm^ 20KeV, l.Ox 
10 l2 /cm 2 i:80KeV, 4.0X1 0 1! /cm ! F 

-rAcr>2mnmt u >-yyFy*;K-x«9 0K 

eV, 2. 5X1 0 13 /cm 2 F-7fi<03H*T'Jgj£t. 

[0 088] ClflfciOs Nb(iDax) = 7.0Xl0 1 7/ 
cm^<n<-xm^msruyr^)Vi:mWLLtz. x5 
•y * • T--Mi. F-^T9 5 0tTC9 0#fc L 
fc. ^SF7y^^Ofl!ffltt^ttLfcfc^-5. i£A 

-frxmE (xvuxwi) vs=6.ov^frttev^ 

T5.4xl0 6 #(=1500l$|g)tf)*Sr£fi!t. CI 
^02OfcI^T^Lfc. 

[0 08 9] (mme)^mm<nYyyvxm. 
2mcDxv */vay£mmuzmmt%'>x^&. 
e^rfflfg^^t^ii. mn^mm<oi><ottmLx 

v-kXlz&V&yyy V^-xm&LvmwxfffySh 

immzitthv-vytPtmttc&nx. xs-y^a 
bryyhK-xtvfflmimmtiztmmt* 

0. <-^filSrbb , $rffiiS-ri.ifc* { -C^I.. 
[ 0 0 9 0 ] 02 5«^Ut0iT*fcl.^*§I^A'>f 
X-yWh yyVx? iffctim^X'h^ . 

[ o o 9 1 1 0<k i &*mmm.izmLm (mi> 
9m i (v&mmmtzmmxt: -> y y f y t>>u#tzm.ii 

^itf^M^-xm (OT, i/'jyFy^K-XkV^ 

3 ) x-h *) . 4 tti' y y f y *iK-xm<o$mmmft 
-^g^fcffiy<>frxSE^B]an§^i.. ^yyFy^? 
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9 i 0x5 y 9MA fc*t IX is 'J y K 'J 

#fcB£&£Wfcii»t£>fi&. yyyKy#/K-x3 

JiHfTfl<F5dfc*:^tt?!jiia* { 1.3X10' 8 /cmM 

5 v^a4tt«^aE$0.0 5jumT-*0. XS^S 

£&st*> h 7 y ^^immtmi^-xmi o . 

09nmXhh. 

[0 0 921 10{iy'JyH'J^;K-X3OSafcg 

0. ^7^-XlOJi. X$7?14H0. 3^t 

h^-*10fcx*«y:?Jf4i<DfarafcoVva±, 
W^ytT^^^vx^fc&SlM K»7*— /I/6 7<7) 

[0093] y 'J y K k/77 b's-X 
1 0 k ito%mx*t>h U y 2 fc J: oTlggS 

»'6.5xlO'Vcm3t, g£«&£<±0. 14*t 
mTJ>«.. yy;5"<-X2lix$.y*J140g^ai£J: 

dusk. ^^yvKy^i^-xscDS^aijio 
aaKi&tt. ^t«?ijms^^yyHy*^-x3^» 
£m&* ofifiKT. syy^^-x2tofc*dftg^ 

S. (E). (IB). (LB). (G 

b) ii**x$./*. ^yyKyaA^-x. yy?^ 

[ 0 0 9 4 ] 6t± 2 0 0 nmgg^fS C3ft£3*lfc£ 
tef H SiK*^Sx*>^SS-C&0. fc*iig6 4. 

6 7tJ:oT7>SI^ yy?<-X2±£gtf-0* 

[ 0 0 9 5 3 <K£. ^Q60«WN*>f ^-^S^f^S 
[0 0 9 6] 02. H2 6Jb^H28Ji. *Hte09t*f 

je l&u x-7m*mwmm<omTmzk<o h ?y 
[0097] *mme»u x-7m.¥-m>mm<r>wm 

C 02(c^t«J:5fcJi^fii3Qcm<OiSrXt:^df^ 
/k&fci->T=Jl<'??JIl£1.7 5/txinJBj£L;fc. 
[0 0 98] H2 6t^fJ:pt. nV^Jfl 
xfc£*§ ( F B Siffi6 5£3 5 0nmJ&£U 
Si£6 5tCBF 2 +£7-XiUt. J*>fm*-t:ft 
fcfcV. 8 0 0rT10#<ON 2 7--;W£fr ; 5rofc. ifc 
t:^cO*ftT'. HLD-Si0 2 K6 6£«lU & 

hyy^77^fcH7^fx -/ f-y ^-c. £tgfi 

S i&6 5SIXHLD-S i OiK6 6Sr^--y^ 
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L§B?LS«6 9£lil?lU £<0&fc. 87 5t;-C3 5?> 
U 13nmOSiOiK6 4^{7Tt. L*>£t£lC. 

>f jryfra^ftt=«k-5T. yy?<-x (LB=nnk b 

ase) m2<VB&£fi%->t:. BFi+y— 
X£fflWC. 60KeVt2.5xl0 1! /cm«H-7 
it lit. 

[0 09 9] B2 7fcJp-TJ:5fc:. HLD-S i 
OjSSr4 5 0nmg^TS[aL. K^x-yf-y^ifc 

io x-mmLzm^v+yft&zbiziiixiH h 

>7;r-^6 7£)gj£L. <I<D1M K»>-*-A'6 7£vx 
7iLTBF 2 +V-X£fflWC. 35KeVC7xl0 
i3/ C m2K-7-a*ft-C. ^yyKu^i^-x ( I 
B ) M3 tmULL. 9 0 0XTC3 Q r &<?g$rX'T--)V 
Lit. m#f£Z<?>T--)Hzi *) . ^JS^S i K6 5*> 
^O^teco^fc'tt:ioT^77 K-X 1 0 SrS 

[0100] iJctc. 02 8*2^- J: dfc:. 
fcJO. xS x^)g^ffl<0^efiSiKSr2 0 0niii 
20 ML. £<^fell,S iitfcAs+SrV-XiLT. 8 
0KeVt2X10 l6 /cm2 K-TS#ftTK— tfy 
/fcfPSrt\ 9 5 0X;-C3 0 0#O7x-/P£ 

y y h y #/i^-x 3 »tW5 7 k-x 1 0 zmm- 
z>. 

[01013 ZffM. &»tf>*hyV777-<&tfx-y 
f-y^JnxtioT^teas i M6coaiII2:1f^>-vx5 

30 [0102] tLbtca^. ^ffe«6 iz&^xemm 

li. BE*LT^Sidfc^7h^-x (GB) Si 0 
*«. 1M F^-^«67^Lr, XS y ^S^J: 0 

0. 3umtsm®^mxt>tvK:m®£mit>tix^h 

MZbZ>. Ctlti 0 . <-X&tfL ( rbb' ) lil 0 0 

[010 3] ttz. ^UteW^h^y^'X^cDWffiBV 
ebo( Iebo=10nA) ti5. 0 VT&oTt. HiKOit 

ai 10 (b) ^-tWk^n^v^rvA ym 

40 ^fr-C^EL^b^y v'X^BEBVebo ( Iebo= 1 
OnA) ^2.5VX'hr>it. 

1 0 1 0 4 ] ->x%ztit:m£. 

3d3mm£®fcztiz>i>cox'it%<. *<?m%tWLi 
%^miz&^xu«$8&i£Thzzt&mTb 

[01053 

im<m&i *miz&^xffi*zti&m<?>d*>mk 
mi>e>iz^xft(±fi&mi:*:mmwttiti. t 
50 a<ot&*)x-t>&. 
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[0106] ( i ) *mtz£tu$ . x$ v ? ■ <-* zfZvrttimmchh. 
mtzmits>m#&imtz> z t mmtteh t v> 5 ® [Bin #mw *-ywmmmw.<o vyv 



[0108] ( 3 ) #&Bflfc Jftfcf . JSnjBK* TXS [013] ^-7S<0^f*HS<0 h y> 



[0109] (4)*?&BHfc:J:*U£. ±E(3) CJ; 10 X9<^mszruy r ^)Vi^tmxbh. 

o , ^-7^^M^©a[^ nmimmxh im 1 5 ] ^-xfiBt^fwas: . 

t v> d m&b* . [0 1 6 ] ^ u y H u *)\^-xm&t v y v~?x? 

[0110] ( 5 ) *WHfcJt*itf. JtE ( 1 ) . **#ttfc<3H«£5^-B-C&*. 

( 3 ) 0 . h ?y^x*offlHHtolWaW±Wi* [017] 2f \*4 TX€Efcl»E#tti:?>W«i£:jj?t0 

[oiii] ( 6 ) *miz£tu$. jjb ( i ) . [@i8] m&hyyzsxfngitZrttmbh. 

(3) tciO> YyVVxtrtmmWfol&ht [01 9] immYyVVxtir&q&K-mx'b 

[0BOlSm^iiBB] [02 0] h7y>-*X^Xh^«Et»#tcol8« 

[Hi]=w»«^iat«r*v^*~?ao2N»(c 20 £iK"t0-e&&. 

&W<7) Yy>i?X9 i^trnmsmx-b S . [02 l ] *HBBOjiffl0!I«S«^^risiS80CfcS. 

[02 ] *fM*o-iaswr»s^ ,-K-7S<7)^f*: [02 2 1 *mmi<vmMmm&zmm&ji 

&w<r>vy>i;x?zmjLW*\ l zJktwBmmx'b ^wx-bh. 

6. [02 3] Yy>i?x9l,zWmizmaZ1xhWK.<rm 

[03 ] *wjH©-mis«rc*4y^ x-ymmmw tezmsm^-mx-bh . 

£SO h 7 y i/'X ? iWmxW$&rrrmM®X'b [024] b5^x*o»ffi#tt£lt*&Ufc0T& 

-6. 

[04 ] *»»o-iais«cft *^ [02 5] ^mm/nmrnx-bhtu x-ymco* 

mso vyvvxt £mmMmz*iimmmxb mmm<r> v y 7 ^-tmrnmrnx-b & . 

h . 30 [02 6 ] taMeftamiM'Cfcft'tf *-7iStf>¥ 

[05 ] «w««Hai^**-'W jk-5S^5W» mmmco h y y~jx 9 zmmMmz^-timmmx- 

$m.<?> vyvvx? zm&rmmz^Ftmmmxb b s . 

s. [02 7 ] *mm<rmmz'b&>u x-ymn* 

[06 ] ^mn-mmrrbt^ #-ym<wm* mmmnvyyisxtzw^msiz^immR 

mm<ohyy : Jx9^mj.fmiz^rtwmmmxb bi. 

t. [028] *m<m<rmmm'b&'U*-yW(r)¥ 

[07 ] *mn-mmb&vx-y®.<vmw mv^<7)Vy>i?x9zmjMmz5tctwffimx' 

nao h 7 v =jx 9 zwmmmz*?timiffl®Tb b&. 

m&\*mto~$mmx'b&vx-yw.mmto 40 1 -avy^m. 2- -yy^-x (o^-k-x) . 

^nvy>i;x9zwmmiiz5rtwmmx'b 3- isv>yviHK-xm&*-x). 4-i$ 7 ^ 

6. m. 5. 7, 8. 64. 66. 67-Wm. 6--X$ 

[09] *&^~-ft^T'*S^*-7S<D^4t v?nm. 9 -Pi'*XhVX7, lO- ^yyV^r- 

mmnhy>=jx9zwm:mmz&timmix'b x. 20-mmoK^-x^ 3 9-xs 7 « 

S. ?L 6 5- <-X«ffi, 67 - tM K**- 

[0io] aaw>A4 x-ym<vmmm<r> v y w 



%j?bz>. 

[0 107] ( 2 ) afrWHCiiitr. ±E ( 1 ) fci 



=sx?mfm&> V y > : Jx90)<-x&ft&ikk tx 

^rtwvb&. 



?/^-x®imiizmzi&kixmmx'b&. 
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